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(57) ABSTRACT 

A driving device and a method of driving a washing machine 
is disclosed. The efficiency of the motor of the washing 
machine is enhanced and the capacity of an inverteris reduced 
thereby reducing manufacturing costs. The driving device 
includes a variable motor, of which the rotational speed varies 
to apply a driving force to a drum to rotate, an inverter to 
convert a direct current Voltage into an alternating current 
Voltage and to vary a Voltage applied to the variable motor, 
and an inverter driver to compare a control signal with a 
carrier to drive the inverter by pulse width modulation. A 
frequency of the carrier wave is varied for the pulse width 
modulation. 

13 Claims, 4 Drawing Sheets 
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DRIVING DEVICE OF A WASHING MACHINE 
AND AMETHOD OF DRIVING AWASHING 

MACHINE WITH THE SAME 

This application claims the benefit of Korean Patent Appli 
cation No. P2005-01 10320, filed on Nov. 17, 2005, which is 
hereby incorporated by reference for all purposes as if fully 
set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a driving device and a 

method of driving a washing machine. More particularly, the 
present invention relates to a driving device and a method of 
driving a washing machine which enhances the efficiency of 
an inverter and increases the capacity of the inverter by pro 
viding a steady flow of current to the motor to improve the 
energy loss of the motor and reduce manufacturing costs. 

2. Discussion of the Related Art 
In general, a pulsator type washing machine is an apparatus 

which removes various contaminants attached to laundry 
using an emulsification of detergent, frictional force of water 
flow due to the rotation of pulsator blades, and agitation 
applied to laundry by the pulsator. In the pulsator type wash 
ing machine, a quantity and type of laundry are detected by a 
sensor. A washing cycle is automatically determined by a 
microcomputer in the washing machine based on the quantity 
and type of laundry. Washing water is Supplied to a proper 
level based on the quantity and the type of laundry, and the 
washing cycle is performed under the control of the micro 
computer. 
A drum type washing machine is an apparatus for washing 

laundry using frictional force between the laundry and a drum 
rotated by the driving force of a motor where the laundry, 
water, and detergent are present within the drum. In the drum 
type washing machine, the drum is rotated and the contami 
nants are removed due to the beating and rubbing of the 
laundry inside the drum. Damage and entanglement of the 
laundry is minimized in a drum type washing machine. 

Related Art drum type washing machines utilize one of two 
different driving methods: an indirect drive method and a 
direct drive method. In an indirect drive method, the driving 
force of the motor is indirectly transmitted to the drum via a 
motor pulley and a belt wound around the drum pulley. There 
is significant energy loss and noise produced during the trans 
mission of the driving force in an indirect drive method. 

In order to solve the problems of the indirect drive method, 
it has been a growing trend for the related art drum type 
washing machines to employ a direct drive method for driving 
the drum. The rotor of the motor is directly connected to the 
rear wall of the tub in a direct drive method, such that the 
driving force of the motor is directly transmitted to the drum. 
The structure of the related art direct drive drum type 

clothes washing machine will be briefly described with ref 
erence to FIG. 1. 

FIG. 1 is a vertical sectional view illustrating the structure 
of a related art direct drive drum type washing machine. The 
related art direct drive drum type washing machine includes a 
tub 2 installed in a cabinet 1, a drum3 installed in the tub 2, a 
shaft 4 coupled with the drum 3 to transmit the driving force 
of a motor 5 to the drum 3, and bearings—(not shown) 
installed around the ends of the shaft 4. 
A door 21 is installed to a front side of the cabinet 1 and a 

gasket 22 is installed between the door 21 and the tub 2. 
A hanging spring 23 is installed between the upper side of 

the cabinet 1 and the upper outer circumference of the tub 2 to 
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2 
support the tub 2, and a friction damper 24 is installed 
between the lower side of the cabinet 1 and the lower outer 
circumference of the tub 2 to dampen vibration of the tub 2 
generated during the spin mode. 
The motor 5 includes a stator 7 coupled with a rear wall 200 

of the tub 2 and a rotor 6 to surround the stator 7. The driving 
force of the motor is directly transmitted to the drum3 via the 
shaft 4. In other words, an additional pulley and belt are not 
needed to transmit the driving force, because the drum 3 is 
directly driven. 
The motor 5 employed in a washing machine is typically a 

variable speed motor in which the rotation speed and/or the 
rotation direction can be controlled. Recently, a permanent 
magnet type motor, particularly a brushless DC (BLDC) 
motor has been widely used. 
The BLDC motor includes a rotor which forms a field and 

transmits a torque to the stator of the motor. A stator coil is 
wound around the stator Such that a rotational magnetic field 
is generated due to interaction with the field from the rotor to 
generate a torque, whereby a magnetic circuit is formed. A 
position detector to detect a rotation position of the rotor may 
also be included in the BLDC motor. 
The motor of the washing machine is driven by the micro 

computer which controls the motor according to predeter 
mined washing cycles, such as a washing mode, a spin mode, 
and a rinsing mode. The control of the motor includes control 
of the rotation speed, torque, and rotational direction of the 
motor. 

Hereinafter, a driving device and a driving method of the 
related art drum type washing machine will be described with 
reference to FIG. 2. FIG. 2 is a circuit block diagram illus 
trating a driving device of a conventional drum type washing 
machine that includes a conventional BLDC motor. 
As illustrated in FIG. 2, the driving device of the related art 

drum type clothes washing machine includes a rectifier 11, a 
capacitor 12, an inverter 13, a rotor position detecting circuit 
15, a microcomputer 16, and an inverter driving unit 17. 
The rectifier 11 receives and rectifies a single phase alter 

nating current Voltage into a direct current Voltage. The 
capacitor 12 functions as a Smoothing capacitor thereby 
Smoothing the rectified direct current Voltage. 
The inverter 13 converts the direct current voltage 

smoothed by the capacitor 12 into a predetermined alternat 
ing current Voltage according to respective phases, and the 
motor 5 is driven by the voltage supplied by the inverter 13. 

In order to drive the BLDC motor, the position of the rotor 
must be matched to a phase of the Supplied Voltage. Thus, in 
general, a rotor position detecting circuit 15 to detect the 
position of the rotor is needed. The rotor position detecting 
circuit 15 includes a sensor to detect a position of the rotor, 
and recently in the art, the position sensor has included a Hall 
sensor (not shown). 
A Hall sensor detects the position of the rotor by monitor 

ing the rotation of the position detecting permanent magnet 
installed in an extended line of a rotation shaft of the motor. 

Alternatively, without the position detecting permanent 
magnet, the rotor position detecting unit may be configured to 
detect the position of the rotor during the rotation of the 
permanent magnet of the rotor. 
The microcomputer 16 compares the position of the rotor 

detected by the rotor position detecting circuit 15 with a 
predetermined rotation speed and outputs a signal to control 
the rotation speed of the motor according to a result of the 
comparison. 

According to the control signal output from the microcom 
puter 16, the inverter driving unit 17 generates an inverted 
driving signal Such that Voltages of respective phases are 
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supplied by the inverter 13 to the motor by the pulse width 
modulation (PWM) to control the rotation speed, torque, and 
the rotation direction of the motor. 

The method of operating of the related art driving device of 
a drum type washing machine having the structure as 
described above will be described as follows. 

First, when a single phase alternating current Voltage (gen 
erally, 220 V, 60Hz) 18 is input to drive the motor, the rectifier 
rectifies the input alternating current Voltage and outputs the 
rectified alternating current Voltage. 
The capacitor 12 smoothes the voltage rectified by the 

rectifier 11 and converts the rectified voltage into a predeter 
mined direct current voltage (generally 310 V). The inverter 
13 converts the rectified direct current voltage into predeter 
mined alternating current Voltages and outputs the converted 
Voltages to respective phases of the motor according to a 
signal of the inverter driver 17. 
Due to the alternating voltages converted by the inverter 

13, electric currents flow through stator coils wound around 
the respective phases of the statoru, V, and W, and a rotating 
magnetic field is formed due to the interaction between a 
magnetic field formed by the currents and the permanent 
magnet so that the rotor rotates and is synchronized with the 
rotating magnetic field. 
The rotor position detecting circuit 15 detects the position 

of the rotor according to the predetermined alternating cur 
rent Voltages from the respective phases and outputs the 
detected result. 
The microcomputer 16 compares the position of the rotor 

detected by the rotor position detecting circuit with a prede 
termined rotation speed of the rotor. A control signal is then 
output by the microcomputer to control the motor according 
to the result of the comparison. 

The control signal output from the microcomputer 16 
drives the switching components Q1 to Q6 of the inverter 
through the inverter driving unit 17. In other words, the 
Switching components are turned on/off to control the mag 
nitudes of the alternating current Voltages applied to the 
motor by Pulse Width Modulation (PWM). By doing so, the 
magnitude of current applied to the motor is controlled, thus 
controlling the motor. 

Hereinafter, the PWM for driving the motor will be 
described with reference to FIG.3. FIG. 3 is a graph illustrat 
ing a principle of a sine pulse width modulation (sine PWM). 

For the sine PWM, an oscillator is needed to oscillate a 
carrier wave such that the carrier wave serves as a reference to 
which the sine wave is compared. In general, a triangular 
wave is used as the carrier. 

The sine PWM compares the triangular wave with the sine 
wave to a pulse wave corresponding to the comparison, 
wherein a frequency of the pulse wave is identical to a fre 
quency of the triangular wave. 
The sine wave is a predetermined output voltage of the 

inverter, namely, a reference Voltage to be applied to the 
motor through the inverter for the control of the motor, in a 
current state. The carrier wave is a Voltage to be compared 
with the reference voltage for the PWM, and generally has a 
frequency of a few kHz to several tens kHz and usually has a 
frequency of about 16 kHz for the driving of the drum type 
washing machine. 
As illustrated in FIG.3, when a PWM wave is generated by 

comparing the carrier with the reference Voltage, the pulse 
widths of the respective phases vary according to the magni 
tude of the sine wave. 

In other words, for example, when the reference voltage is 
higher than the carrier wave at phase u of the motor, a high 
Switch component Q1 is Switched on so that a high Voltage is 
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4 
applied thereto, and conversely a low Switch component Q2 is 
Switched on so that a low Voltage is applied thereto. As a 
result, the width of the pulse train is varied according to time 
when being compared with the reference Voltage to be con 
trolled. However, at that time, when an average value of the 
pulse width modulated waves is estimated, the average value 
becomes identical to the reference voltage. 
The reference Voltage does not always take a sine wave 

form. The magnitude and frequency of the reference Voltage 
are varied Such that a necessary electric power can be 
obtained according to a circumstance during the driving of the 
motor. 

The PWM is a method of converting the reference voltage 
ofananalog waveform into a pulse train with a predetermined 
frequency Such that an average Voltage applied to the motor is 
controlled and as a result, a current flow to the motor is 
controlled, for example, the direction and a magnitude of the 
current are controlled. Additionally, a torque is controlled by 
controlling the current. 
The PWM for driving the motor is derived from a driving 

method of a power module, and according to the PWM, when 
the power module is controlled by a reference value (the 
reference Voltage) of an analog waveform, the power module 
is operated within an active area so that a great deal of loss and 
heat occurs. 

Thus, the PWM is used to control voltage and current in a 
saturation region and a cut-off area of the power module to 
minimize the power loss and consequently, heat produced by 
the motor. 

However, even when the motor is driven by the PWM, the 
loss of power occurs due to the inverter, and a majority of the 
loss is caused by periodically switching the switches of the 
inverter. 

The switching loss will be described in detail with refer 
ence to FIG. 4. 

First, when the power module is switched on and the cur 
rent flows therethrough, the current I is restricted by an inter 
nal resistance of the power module and an overall resistance 
of the motor. The voltage applied to the switch is only a 
Voltage loss due to the internal resistance of the power module 
and an applied Voltage is applied to an entire load. 
When the power module is switched off, the entire applied 

Voltage is applied to the Switch and current does not flow. In 
other words, as the power module is toggled between on and 
off any one of the Voltage and current becomes almost 0 
(Zero). Thus, it has been assumed that there is no power loss. 

However, as illustrated in FIG. 4, a significant power loss 
occurs during a transient period when the Voltage and current 
applied to the power module is toggled between on and off. As 
a result, a power loss occurs and the power loss is mostly 
converted into heat inside the motor. 

Although the power loss illustrated in FIG. 4, is shown to 
occur between when the power module is turn off and turned 
on, a power loss also occurs during the toggle period when the 
power module is switched from on to off. 
The efficiency of the inverter is deteriorated due to the loss 

of power during the toggle periods and increased temperature 
of the inverter due to the power loss that is converted into heat. 
Thus, the operating range of driving the motor is restricted. 

Moreover, since an inverter having a large capacity must be 
used and/or a heat radiator must be used in order to solve the 
above-mentioned problems, the size of the driving device of 
the drum type washing machine must be increased. Thus, the 
manufacturing costs of the washing machine are increased. 



US 7,818,983 B2 
5 

Therefore, there is a need for a driving device of a drum 
type washing machine that reduces the power loss during the 
toggle period of the inverter and reduces the cost of manufac 
turing the washing machine. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a driving 
device of a washing machine and a method of driving a 
washing machine with the same Substantially obviates one or 
more problems due to limitations and disadvantages of the 
related art. 
An advantage of the present invention is to provide a driv 

ing device and a method for controlling a washing machine in 
which capacity of an inverter is reduced while the efficiency 
of the inverter is improved so as to improve power loss of the 
inverter and reduce manufacturing costs. 

Another advantage of the present invention is to provide a 
washing machine with a driving device and method of in 
which a motor of the washing machine is controlled using a 
carrier waving having a variable frequency. 

Additional features and advantages of the invention will be 
set forth in the description which follows, and in part will be 
apparent to those having ordinary skill in the art from the 
description or may be learned by practice of the invention. 
These and other advantages of the invention may be realized 
and attained by the structure particularly pointed out in the 
written description and claims hereofas well as the appended 
drawings. 

To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and broadly 
described herein, a driving device of a washing machine 
comprising: a variable motor configured to apply a driving 
force to a drum of the washing machine, wherein the variable 
motor includes variable rotational speeds; an inverter config 
ured to convert a direct current Voltage into an alternating 
current Voltage and to vary a Voltage applied to the variable 
motor, and an inverter driver configured to compare a control 
signal with a carrier wave, wherein the inverter driver drives 
the inverter by pulse width modulation, a frequency of the 
carrier wave being varied based on the pulse width modula 
tion. 

In another aspect of the present invention includes a wash 
ing machine comprising: a drum to accommodate laundry; a 
variable motor configured to apply a driving force to a drum 
to rotate, wherein the rotational speed of the variable motor 
varies; an inverter configured to convert a direct current Volt 
age into an alternating current Voltage and to vary a Voltage 
applied to the variable motor; a microcomputer configured to 
generate a control signal to control the variable motor; and an 
inverter driver configured to compare the control signal with 
a carrier wave to drive the inverter by the pulse width modu 
lation, a frequency of the carrier wave being varied for the 
pulse width modulation. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the principles of the invention. 
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6 
In the drawings: 
FIG. 1 is a sectional view illustrating a structure of a related 

art direct drive drum type washing machine; 
FIG. 2 is a circuit block diagram illustrating a driving 

device employing a related art BLDC motor of a conventional 
washing machine; 

FIG. 3 is a graph illustrating a principle of a sine pulse 
width modulation; 

FIG. 4 is a graph illustrating a Switching loss of a related art 
inverter; and 

FIG. 5 is a graph illustrating a variable carrier according to 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Reference will now be made in detail to embodiments of a 
washing machine of the present invention, examples of which 
are illustrated in FIG. 5. In the description, the same reference 
numbers will be used to refer to the same or like parts as the 
conventional driving device of a washing machine and addi 
tional description for the same will be omitted. 

FIG. 5 is a graph illustrating a variable carrier according to 
an embodiment of the present invention. 

In contrast with a related art washing machine, the present 
invention includes a carrier wave generator that generates a 
carrier wave in which the frequency of the carrier wave is 
varied. In order to generate the PWM, the carrier wave with a 
varied frequency is compared to the control signal outputted 
from the microcomputer. 

In a related art washing machine, a carrier wave with a 
predetermined frequency is generated, and the frequency 
required to toggle the Switches within the inverted becomes 
identical to the frequency of the carrier wave. Thus, the fre 
quency required to toggle the Switches within the inverter 
becomes constant. 
The motor of the related art washing machine can be more 

precisely controlled based on the control signal output from 
the microcomputer (in the related art, an analog reference 
Voltage having a predetermined frequency and a predeter 
mined magnitude). When the frequency of the carrier wave is 
high, the control signal can more precisely control the motor. 
However, in the related art, there is a limit to which the 
frequency of the carrier can be increased. 
When the frequency of the carrier wave is high, a harmonic 

wave has a greater influence on the control signal thereby 
increasing signal noise within the driving device of the wash 
ing machine and increasing noise and vibration produced 
within the motor of the washing machine. When the harmonic 
wave has a greater influence on the control signal, it is more 
difficult to precisely control the motor. 

Because of the problems mentioned above, in a related art 
washing machine, the frequency of the carrier wave is main 
tained at a predetermined value, for example, about 16 kHz. 
At this value, the capacity of the inverter must be increased. 
Since the frequency of the carrier wave remains constant, the 
power loss generated during the toggling of the Switches 
within the inverter is always uniformly generated. 

In the present invention, the predetermined frequency of 
the carrier is not maintained at a predetermined value, but 
varies as a certain factor varies. The power loss caused by 
toggling the switches within the inverter is reduced within the 
overall operating range of the washing machine, thus the 
capacity of the inverter is decreased. 
The factor by which the frequency of the carrier wave is 

varied can be selected variously. 
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As illustrated in FIG. 5, in the present invention, the fre 
quency of the carrier can be reduced according to the rotation 
speed of the motor. Namely, the related art frequency of the 
carrier is maintained at a low rotation speed and the frequency 
of the carrier can be gradually decreased as the rotation speed 
of the motor increases. 
When the voltage applied to the motor increases, the rota 

tional speed of the motor increases. As a result the current 
applied to the motor increases. 
The decrease of the frequency of the carrier may be carried 

out step-wise or linearly. The ratio of the decrease may be 
optimized. FIG. 5 illustrates an example of the carrier wave 
decreased step-wise. 
The influence on the control signal that may be caused by 

decreasing the frequency of the carrier wave will be described 
as follows. 
The maximum frequency of the carrier wave is selected by 

taking the influence of the harmonic wave into consideration. 
When the frequency of the carrier wave is reduced, the volt 
age of the harmonic wave is increased and as a result, the 
current of the harmonic wave may increase to influence the 
control of the motor. 
The reactance of the harmonic wave is proportional to the 

square of the rotation speed of the motor. Thus, as the rotation 
speed of the motor increases, the reactance of the harmonic 
wave has a very high value. 
When the current of the harmonic wave has a very small 

value, the frequency of the carrier decreases as the rotational 
speed of the motor increases. In other words, the influence of 
the decrease of the carrier frequency may be estimated as very 
weak. 
As described above, when thefrequency of the carrier wave 

is decreased as the rotational speed of the motor increases, the 
power loss associated with the toggle of the Switches within 
the inverter is reduced within the entire operating range of the 
motor so that the capacity of the inverter can be also reduced. 
Thus, any component for radiating heat away from the 
inverter may be eliminated or simplified, so that it is advan 
tageous in view of manufacturing costs. 

Since it is difficult to precisely control the motor as the 
frequency of the carrier is decreased in a case when the 
rotational speed of the motor is increased as described above, 
there is the possibility of noise being generated within the 
washing machine due to the increase of the operating time and 
an unstable state. 

Thus, if the operating time and the noise generation are 
handled as principal factors of varying the frequency of the 
carrier wave, the frequency of the carrier wave may be 
increased as the rotational speed of the motor increases. 
When the rotational speed of the motor is low, the fre 

quency of the carrier wave should be reduced to be lower than 
the frequency of the carrier wave in the related art technique 
(for example, less than 16 kHz) to reduce the power loss 
generated during the toggling of the Switches in the inverter 
throughout the entire operating range of the motor. 

The load of the motor may be handled as a variable factor 
of the frequency of the carrier wave. Namely, it is possible to 
increase or decrease the frequency of the carrier wave as the 
load of the motor increases. Herein, the load of the motor 
means a torque of the motor. However, as similarly described 
above, the power loss generated during the toggling of the 
switches in the inverter should be small within the entire 
operating range of the motor. 
When the load of the motor is considered as the variable 

factor of the frequency of the carrier wave, the frequency of 
the carrier wave can be reduced as the load of the motor 
increases in view of reactance as described above. In contrast, 
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8 
in view of the operating time and the noise, the frequency of 
the carrier wave can be increased as the load of the motor 
increases. 

Since there is the possibility of the temperature increasing 
within the driving device as the load of the motor increases, it 
is also possible to reduce the frequency of the carrier wave as 
the load of the motor increases. 

For example, when the motor is driven in the spin mode of 
the washing machine, the rotation speed of the motor gradu 
ally increases in the transient state, and consequently, the 
motor rotates at a predetermined rotation speed for a prede 
termined time period. In other words, rotation speed of the 
motor is controlled from the transient status to the steady 
State Status. 

In order to attain more precise control of the washing 
machine motor and to prevent an excessive harmonic oscil 
lation thereby allowing the motor to more rapidly reach the 
steady-state status, it is possible to increase the frequency of 
the carrier wave. In contrast, in the steady-state status, it is 
possible to reduce the frequency of the carrier wave so as to 
reduce the power loss generated during the toggling of 
switches within the inverter during the overall dehydrating 
time period. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the present 
invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention cover 
the modifications and variations of this invention provided 
they come within the scope of the appended claims and their 
equivalents. 
What is claimed is: 
1. A driving device of a clothes washing machine compris 

ing: 
a variable speed motor configured to apply a rotational 

driving force to a drum; 
an inverter configured to convert a direct current Voltage 

into an alternating current Voltage and to vary a Voltage 
applied to the variable speed motor; 

a carrier generator configured to generate a carrier signal; 
and 

an inverter driver configured to compare a control signal 
with the carrier signal to drive the inverterby pulse width 
modulation, a frequency of the carrier signal being var 
ied to reduce a Switching loss, of a Switching device, 
generated by the inverter, wherein, in a dehydrating time 
period, the frequency of the carrier signal in a transient 
state when the rotation speed of the variable speed motor 
varies is lower than that in a normal state when the 
rotation speed of the variable speed motor is constant. 

2. The driving device of a clothes washing machine accord 
ing to claim 1, further comprising a microcomputer to gener 
ate the control signal to control the variable speed motor. 

3. The driving device of a clothes washing machine accord 
ing to claim 2, wherein the inverter driver generates an 
inverter driving signal by comparing the control signal output 
from the microcomputer with the carrier signal. 

4. The driving device of a clothes washing machine accord 
ing to claim 1, wherein the frequency of the carrier signal 
varies according to a rotation speed of the variable speed 
motor. 

5. The driving device of a clothes washing machine accord 
ing to claim 4, wherein the frequency of the carrier signal is 
decreased as the rotation speed of the variable speed motor is 
increased. 

6. The driving device of a clothes washing machine accord 
ing to claim 1, wherein the frequency of the carrier signal 
varies according to a load of the variable speed motor. 
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7. The driving device of a clothes washing machine accord 
ing to claim 6, wherein the frequency of the carrier signal 
increases as the load of the variable speed motor increases. 

8. A clothes washing machine comprising: 
a drum to accommodate laundry; 
a variable speed motor configured to apply a rotational 

driving force to the drum; 
an inverter configured to convert a direct current Voltage 

into an alternating current Voltage and to vary a Voltage 
applied to the variable speed motor; 

a carrier generator configured to generate a carrier signal; 
a microcomputer configured to generate a control signal to 

control the variable speed motor; and 
an inverter driver configured to compare the control signal 

with the carrier signal to drive the inverterby pulse width 
modulation, a frequency of the carrier being varied to 
reduce a Switching loss, of a Switching device, generated 
by the inverter, wherein, in a dehydrating time period, 
the frequency of the carrier signal in a transient state 
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when the rotation speed of the variable speed motor 
varies is lower than that in a normal state when the 
rotation speed of the variable speed motor is constant. 

9. The clothes washing machine according to claim 8. 
wherein the microcomputer controls the clothes washing 
machine. 

10. The clothes washing machine according to claim 8. 
wherein the frequency of the carrier signal varies according to 
a rotation speed of the variable speed motor. 

11. The clothes washing machine according to claim 10, 
wherein the frequency of the carrier signal is decreased as the 
rotation speed of the variable speed motor is increased. 

12. The clothes washing machine according to claim 8. 
wherein the frequency of the carrier signal varies according to 
a load of the variable speed motor. 

13. The clothes washing machine according to claim 12, 
wherein the frequency of the carrier signal increases as the 
load of the variable speed motor increases. 
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